MATTHEWS1
From the Departments of 'Oral Medicine, 2Pharmacology, and 3Chemical Pathology, University of Bristol, Bristol, UK; the 4Department of Chemical Pathology, University of Leeds, Leeds, UK; 5Royal Hospital for Rheumatic Disease, Bath; and the 6Oral Biochemistry Unit, University of Glasgow Dental School, Glasgow SUMMARY Parotid saliva was collected from 32 patients with rheumatoid arthritis, 10 with systemic lupus erythematosus, three with mixed connective tissue disease, 12 with progressive systemic sclerosis, two with primary Sjogren's syndrome, and four with Raynaud's syndrome. Tissue kallikreins were measured by radioimmunoassay, and saliva samples were subjected to isoelectric focusing followed by immunoblotting or silver staining. The results showed that the saliva of patients with connective tissue diseases contained increased amounts of immunoreactive tissue kallikrein. In addition, there was an increase in the multiple forms of anionic tissue kallikreins, resulting mainly from a shift in their distribution towards that of higher sialic acid content and lower isoelectric point. These changes were most obvious in patients with systemic lupus erythematosus. Novel or unusual glycosylation may explain the occurrence of increased amounts of anionic salivary proteins in connective tissue diseases.
A frequent complication of connective tissue diseases is secretory failure of exocrine glands, including the lacrimal and salivary glands, leading to dry eyes and dry mouth. This is known as secondary Sjogren's syndrome' and is often associated with rheumatoid arthritis, systemic lupus erythematosus, progressive systemic sclerosis, and mixed connective tissue disease.2 Primary Sjogren's syndrome has no associated connective tissue disorder and differs from the secondary form clinically, serologically, and genetically.
A number of studies, using electrophoretic techniques of varying resolution, have shown that the saliva from patients with Sjogren's syndrome contains increased amounts of several anionic proteins.3-6 Furthermore, these proteins appear more frequently in the secondary form of the disease, and have been described in the saliva of patients with rheumatoid arthritis but without clinical evidence of salivary gland involvement.7 Although these anionic salivary proteins have been Accepted for publication 8 February 1989. Correspondence to Dr K D Bhoola. Department of Pharmacology. Medical School, University of Bristol, University Walk, Bristol BS8 ITD, UK. subjected to concerted investigations, their identity has remained obscure. The initial aim of this study was to identify and characterise these proteins, and to ascertain whether they were more prevalent in a group with a particular connective tissue disease. By chance, we discovered that the dominant group of these anionic proteins in connective tissue diseases were tissue kallikreins (E.C.3.4.21.35), which are normally present in saliva, and whose anionic nature is conferred by their sialic acid composition.
Tissue kallikreins are present in a wide variety of tissues. 8 and on the electrophoretograms both for silver staining and immunoblotting. Human urinary kallikrein was purified'4 by silica gel absorption, gel filtration on Sephadex G-75, DEAE-Sephadex, and affinity chromatography, with the final step involving rapid gel filtration. The pure preparation was heterogeneous consisting of three isoenzymes of pl 3-9, 4*0, and 4-2. Enzymic activity was equivalent to 4*6 units/mg protein (one unit hydrolyses 1 0 gimol of D-Val-Leu-Arg-pNA nitroanilide/min at pH 8*0 and 37°C). Human salivary kallikrein was purified by a modification of the method described by Lemon et al. 15 After absorption of the enzyme to DEAE-cellulose and gel filtration through Sephadex G-100 it was chromatographed twice on DEAE-Sephadex A-50. The final step involved passage through CNBr-Sepharose 4B coupled to antihuman albumin. The specific enzymic activity of this preparation was 38 units/mg protein.
Polyclonal antibodies specific to human urinary and salivary kallikrein were raised in rabbits. 14 Specificity of the antisera was determined by Ouchterlony gel diffusion, immunoblotting, and radioimmunoassay.14 In gel diffusion human urinary and salivary kallikrein showed complete immunological identity when reacted against both antisera. In addition, both human urinary and salivary kallikrein cross reacted in an identical manner with antisera raised to human urinary kallikrein by Dr C Vio, were used as the first stage of the unlabelled bridge technique. Swine antirabbit antiserum (10 ml, 1/400 dilution) formed the link with the rabbit antiperoxidase/peroxidase complex (10 ml, 1/400 dilution) (Dakopatts). The blot was stained with 3-amino-9-ethylcarbazole (stock solution: 1% 3-amino-9-ethylcarbazole in acetone, 25 ml 0-05 M sodium acetate buffer pH 5-0, 15 gIl 30% H202). Immunoblots were also prepared on saliva samples incubated with neuraminidase (Sigma, Poole, Dorset, UK) at a concentration of 1 
Results
Isoelectric focusing of parotid saliva over the pH range 2-5-6.0 showed a very large number of bands when stained with a sensitive silver stain (Fig. la) .
The proline-rich proteins,17 which show inconsistent staining characteristics on silver staining, dominate the pattern between pH 4-0 and 4-8. For this reason we chose to study the most anodal proteins in the pH range 3-0-4-0, which appeared on preliminary assessment to be present in increased amounts in some patients with connective tissue diseases.
Immunoblotting of the anionic bands with antisera to a wide range of human serum and salivary proteins (see 'Patients and methods') showed reactivity primarily against human tissue kallikrein. A complex pattern of 12 immunoreactive tissue kallikrein bands was seen. Six of those present in the 'anionic region' (pl 3.0-4.0) represented the bands whose intensity was measured after silver staining (Fig. lb) . A further six bands were present in the pI range 4-0-5-0 and three in the pl range 4-0-4-25. The intensity of these bands, which had not been clearly visualised on silver staining owing to the presence of several overlapping non-kallikrein bands, did not vary in parallel with those in the anionic region. Two faint bands reacting with antia,-acid glycoprotein were seen at pI 2-7. Treatment of saliva samples and purified tissue kallikrein with neuraminidase largely removed the anodal kallikrein bands and resulted in their shift to a higher pl value (Figs la and b) .
Analysis of the silver stained bands (Fig. la) , measured by laser densitometry , showed a clear increase in anionic proteins in the saliva of some Fig. 2 ). The possible influence of treatment on this relation was excluded by comparing band intensity in those patients taking no drugs with those prescribed drugs, using a two sided Mann-Whitney test; no significant differences (p<0-2) were observed between the two groups. We further compared each drug group with those taking no drugs and also found no significant differences.
Immunoreactive salivary tissue kallikrein concentrations, measured by radioimmunoassay, were significantly higher in the group with connective tissue diseases than in the controls (Fig. 4) Samples of urine from a subgroup of eight patients and 11 controls were examined by isoelectric focusing and immunoblotting. Preliminary experiments indicated that there was no variation in intensity of anionic bands (pI 3.0-4.0), paralleling the results seen in saliva. The bands present in the pI 4*05-0 range were more intense in the urine samples than those observed in saliva.
Discussion
Using isoelectric focusing, sensitive silver staining, and laser densitometry, we have been able to show that there is a wide distribution in concentration of proteins forming multiple bands with a pI of between 3*0 and 4-0 in the saliva of both normal subjects and patients with connective tissue diseases. We have identified most of these protein bands as multiple forms of tissue kallikrein (E.C.3.4.21.35), which on treatment with neuraminidase acquired a more cathodal electrophoretic mobility owing to removal of sialic acid residues. Furthermore, most bands identified as tissue kallikrein have a lower pl (3-0-4-0) than the bands previously described by . There is, however, some overlap and a particularly prominent band seen in their electrophoretograms at pl 3- 
